The detailed course of the photochemical rearrangement reactions of dibenzobarrelenedicarboxylates has been studied by crystal structure analyses of two complexes of triphenylphosphine oxide (1) with the monoester ethyl hydrogen 9,10-dihydro-9,10-ethenoanthracene-11,12-dicarboxylate (2), and by correlation of the crystal structure data with photochemical behaviour. Crystal data: T = 294K, CuKoe, 2
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(1.2), C18HIsOP.C20H1604, M~--598.63~ P1, a--13.501 (1), b = 14.845 (1), c = 8.5190(6)A, a = 102.21 (1), /~ --98.68 (1), y=68.70(1) ° , Z=2, R=0.039 for 4546 reflections with I > 3o'(1); (1.2).0.5toluene, hydrogen bonds, with dimensions and conformations similar to those of previously studied analogues. In the unsolvated crystal the ester group of the monoester is fully conjugated with the C(11)=C(12) double bond [C=C--C=O torsion angle --179.6(2) °, cos2(angle)= 1.0], but the acidic group is
Introduction
Triphenylphosphine oxide (1) is a good hydrogen-bond acceptor and forms crystalline complexes with a variety of hydrogen-bond donors (Etter & Baures, 1988) . The present paper studies the influence that co-crystallization might have on the photochemical reactivity of the 9,10ethenoanthracene compound (2). (2) and its derivatives undergo di-zr-methane photorearrangements in a variety of solid and liquid media, to give (3) and (4) [isolated as diesters after diazomethane workup (Gudmundsdottir, Scheffer & Trotter, 1994; Gudmundsdottir, Li, Scheffer, Rettig & Trotter, 1994) ]; the ratio in which these photoproducts are formed (and the optical purity of any chiral products) can be correlated with the molecular structure of the reactant, and in particular with the amount of conjugative interaction of the ester and acid groups with the C=C double bond. Co-crystallization of (1) and (2) from xylene gives crystals of the (1.2) complex, while crystals from toluene (or benzene) contain half a molecule of toluene (or benzene) solvent per (1.2) pair. The (1.2) complex and the toluene solvate have been studied by X-ray methods.
Experimental
Data, measured on a Rigaku AFC-6S diffractometer, are summarized in Table 1 . The structures were solved by direct methods, and refined by full-matrix least-squares procedures, with w = 1/cr2(F). The toluene molecule in the solvated crystals is disordered around a centre of symmetry. The region of the difference map contained several peaks, which could be interpreted and refined in terms of three full-weight and one half-weight C atoms, with several smaller residual peaks; the peaks are probably composite, corresponding to the overlap of several orientations, so that the details of the disordered arrangement are not clear (a possible interpretation is shown in the depository material*). Non-H atoms were refined anisotropically, and H atoms were located from difference syntheses and refined isotropically. Scattering factors were from International Tables for X-ray Crystallography (1974, Vol. IV) , computer programs as supplied in TEXSAN (MSC, 1989) . Details of the refinements are given in Table 1 .
Discussion
Final positional parameters are given in Table 2 , selected molecular parameters in Table 3 , and other data have been deposited.* Both crystals contain pairs of (1.2) molecules linked by carboxyl-O--H. • .O-phosphine hydrogen bonds ( Fig.  1 , Table 3 ). The structures and dimensions of the (1) and (2) molecules are very similar to those in the three crystal forms of triphenylphosphine oxide (Bandoli, Bortolozzo, Clemente, Croatto & Panattoni, 1970; Ruban & Zabel, 1976; Brock, Schweizer & Dunitz, 1985; Spek, 1987) and in related ethenoanthracenes (e.g. Pokkuluri, Scheffer & Trotter, 1993a,b) . The major difference between the two structures is in the orientations of the substituent ester and acidic groups of (2). In the unsolvated crystals, the ester group is in the plane of the C(11)---C(12) double bond and thus fully conjugated, while the acidic group is rotated 71 ° out-ofplane, and hence is almost non-conjugated; the relevant C=C--C=O torsion angles are -179.6(2) and 109.0(3) °, respectively, with cos2(angle) (a measure of the amount of conjugative interaction) 1.0 (100%) for the ester group and 0.11 (11%) for the acidic group. In the toluene solvate the opposite is found, with the ester group non-conjugated [110.5 (5) °, 12% conjugation], and the acid group conjugated [-13 .8 (6) °, 94% conjugated]. These differences are also reflected in the Co----CO2R distances (Table 3 ) of 1.477 (3) and 1.497 (3)A for the CO2Et and CO2H groups, respectively, in the unsolvated crystals, close to the expected conjugated (1.470 A) and non-conjugated (1.497 A) distances (Allen, 1981) ; for the solvated crysta.ls, the distances are reversed, 1.491 (6) and 1.473 (6) A.
* Lists of structure factors, anisotropic thermal parameters, H-atom coordinates and complete geometry, and packing diagrams have been deposited with the IUCr (Reference: CR0486). Copies may be obtained through The Managing Editor, International Union of Crystallography, 5 Abbey Square, Chester CI-I1 2HU, England. STRUCTURE AND PHOTOCHEMISTRY OF CIsHIsOP.C20H1604 
Photochemistry
The accepted mechanism for the di-n'-methane photo- (Pokkuluri & Trotter, 1994) ; crystals of (2) suitable for X-ray work could not be obtained. conjugated ester substituent, path a should be more favourable, resulting in preferential formation of photoproduct (3); this is as observed (Table 4) (1.2) .0.5toluene, which exhibits a conjugated acid substituent, path b and the formation of (4) is preferred, again as observed [(3):(4) = 3:97]. Photolysis of crystals of the free acid (2) produces only (4); although the crystal structure of (2) has not been determined, data for the analogous isopropyl derivative (Pokkuluri & Trotter, 1994) indicate conjugation of the acid group and hence prediction of path b and the formation of (4), as observed (Table 4) .
The photolysis reactions are also often influenced by intermolecular interactions (Garcia-Garibay, Scheffer, Trotter & Wireko, 1990), since large movement of a substituent is involved during the initial carbon-carbon bond formation. In the present complexes, initial bridging that involves movement of the CO2H group [path a, formation of (3)] is likely to be disfavoured, since it would disrupt the hydrogen bonding (Garcia-Garibay, Scheffer & Watson, 1992). This reinforces the conjugation effect in (2) and (1.2).0.5toluene, accounting for the nearly 100% production of (4), but opposes it in (1.2), thus accounting for the lower regioselectivity (only 56:44) in the photolysis of the (1.2) crystals.
